Clinical significance of tissue blood flow during esophagectomy by laser Doppler flowmetry  by Ikeda, Yoshifumi et al.
The Journal of Thoracic and Cardiovascular Surgery • Volume 122, Number 6   1101
Objectives: We sought to investigate the effect of tissue blood flow on the incidence
of anastomotic leakage during esophagectomy.
Methods: Reconstruction was done with a gastric tube, and all cases involved cervi-
cal anastomosis. Tissue blood flow of 43 patients was measured with a laser Doppler
flowmeter before emplacement and after anastomosis during surgical intervention.
The reconstruction route and tissue blood flow before emplacement and that after
anastomosis were analyzed as possible factors influencing anastomotic leakage.
Results: Tissue blood flow after anastomosis with leakage was 9.1 ± 2.0 mL/min per
100 g, and that without leakage was 13.7 ± 2.9 mL/min per 100 g. Tissue blood flow
with leakage was significantly lower than that without leakage (P < .01, unpaired t
test). Twenty-one patients had tissue blood flow after anastomosis of greater than
13 mL/min per 100 g, and none of them had leakage, whereas 5 patients had blood
flow of less than 10 mL/min per 100 g, and all 5 had leakage.
Conclusion: Tissue blood flow can be an important and useful indicator of the pres-
ence of current anastomotic leakage. Low tissue blood flow after anastomosis may
mediate for appropriate surgical or pharmacologic interventions to detect, localize,
and counteract leakage.
The prognosis of patients with esophageal carcinoma is generally poor,although 5-year survival after surgical intervention has improved to40% thanks to multidisciplinary treatment, such as cervicothoracoab-dominal lymph node dissection,1 radiotherapy,2 and chemotherapy3in Japan. The incidence of complications after surgical interventionhas decreased because of improved postoperative management and
surgical technique. The rate of anastomotic leakage between the cervical esophagus
and substitute organ, such as a gastric tube after esophagectomy, has been especially
decreased by the development of the circular stapling device.4 However, the rate of
anastomotic leakage after esophagogastrostomy is reported to be 6% to 27%5-8 and
it is the highest during general surgery. After gastric mobilization and formation of a
gastric tube, in which the left gastroepiploic artery and right and left gastric arteries
are usually ligated and divided, the proximal stomach is vascularized by an intra-
mural plexus of vessels and branches from the right gastroepiploic artery. The anas-
tomotic site of the gastric tube is the most distal, relative to its blood supply.9,10
Laser Doppler flowmetry has been tested in several experiments and is a valu-
able tool for determination of vascularization on the basis of tissue blood flow
(TBF) in different parts of the gastrointestinal tract.11,12 We assessed the relation-
ship between changes in TBF at the anastomotic site (TBFa) of the gastric tube and
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the reconstruction route. We also analyzed whether TBFa
levels were associated with anastomotic leakage.
Patients and Methods
Patients
In the 5 years from 1994 to 1998, 60 patients with esophageal carci-
noma underwent esophagectomy at Teikyo University Hospital. A
total of 47, 8, and 5 patients underwent reconstruction with a gastric
tube, colon, and jejunum, respectively. Among the gastric tube recon-
structions, 4 patients had cervical esophageal carcinoma, and the
anastomosis was performed between the pharynx and the gastric tube.
Forty-three patients, excluding the 4 patients with cervical esophageal
carcinoma, were analyzed in this study. All patients underwent cura-
tive esophagectomies, and no patient had clinical evidence of the risk
of cardiac function, pulmonary function, or both; operative complica-
tions; and preoperative chemotherapy, radiotherapy, or both. The 37
men and 6 women ranged from 39 to 85 years old (mean age, 62
years). On the basis of the clinical stage from the TNM classification
of the esophagus13 after resection, 5 patients had stage I, 15 had stage
IIA, 10 had stage IIB, and 13 had stage III disease.
Esophagectomy
In all patients a total thoracic esophagectomy and regional lym-
phadenectomy through a right thoracotomy were performed.
Reconstruction After Esophagectomy
The gastric tube was constructed by means of ligation of the left
gastric artery, part of the right gastric artery, and the left gastro-
epiploic artery and then fashioned along the greater curvature.
Three reconstruction routes (ie, posterior mediastinal, retrosternal,
and subcutaneous) can be chosen after esophagectomy (Figure 1).
The reconstruction route was selected on the basis of clinical T and
N factors from the TNM classification of the esophagus13 during
surgical intervention. Thirteen patients given diagnoses of T3 N1
disease were selected for reconstruction through a subcutaneous
route, 14 with T3 N0 disease through a retrosternal route, and 16
with T1 or T2 disease through a posterior mediastinal route. All
patients underwent cervical anastomosis in end-to-side fashion with
a circular stapling device, such as the EEA (Auto Suture Company
Division, United States Surgical Corporation, Norwalk, Conn) or
ILS (Johnson-Johnson Medical, Cincinnati, Ohio). Leakage of the
anastomosis was defined as a salivary fistula or detected by means
of contrast esophagography 7 to 10 days postoperatively.
TBF Analysis
Blood perfusion of gastric tubes was measured with a helium-neon
laser Doppler flowmeter (model ALF21; Advanced Laser Flowmeter
Corporation, Tokyo, Japan). The laser light was guided to tissue, and
back-scattered light was detected with a master probe (TypeS;
Advanced Laser Flowmeter Corporation, Tokyo, Japan; Figure 2).
The method relies on the measurement of Doppler frequency shifts in
laser light reflected from moving red blood cells, and results are dis-
played after conversion to units of milliliters per minutes per 100 g on
the basis of the theory proposed by Bonner and colleagues.14 Laser
Doppler flowmetry at the anastomotic site was measured during the
operation. Each measurement was made for 30 seconds, and the pro-
cedure was repeated twice. The mean was used as TBF. The first mea-
surements were made after gastric tube construction along the greater
curvature. The anastomotic site was defined as 10 mm from the pro-
posed anastomotic edge. The gastric tube was then brought up to the
neck through the subcutaneous, retrosternal, or posterior mediastinal
route. The second measurement was made at the neck after cervical
anastomosis of the proximal esophagus with the gastric tube.
Statistical Analysis
Patient groups were compared with the χ2 test, the paired t test,
and the unpaired t test with StatView software (SAS Institute Inc,
Cary, NC). Values were expressed as means ± SD.
Results
Patient Profiles
The rate of anastomotic leakage was 21% (9/43) in patients
with carcinoma in the thoracic esophagus who underwent
Figure 1. Reconstruction routes after esophagectomy. Subcutaneous
and retrosternal routes are extra-anatomic reconstructions
because the gastric tube runs through the subcutaneous tunnel
over the sternum and the retrosternal tunnel under the sternum.
The posterior mediastinal route is an anatomic reconstruction
because a gastric tube is placed in the original position of the
esophagus.
Figure 2. The master probe comes in contact with a gastric tube,
and TBF is measured with a laser Doppler flowmeter.
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esophageal reconstruction after esophagectomy. We failed
to detect a difference between the rate of anastomotic leak-
age and sex, age, or TNM stage (Table 1). 
Patient Characteristics Divided by Reconstruction
Route
The clinical diagnosis of T and N factors during surgical
intervention did not always agree with the pathologic diag-
nosis after surgical intervention. Although T factor was cor-
related significantly with the reconstruction route, N factor
and TNM stage were not correlated with the reconstruction
route (Table 2).
Leakage Versus Reconstruction Route
Reconstruction through the posterior mediastinal route did
not result in anastomotic leakage. The rate of anastomotic
leakage was 46% (6/13) in patients undergoing reconstruc-
tion through the subcutaneous route and 21% (3/14) in
those undergoing reconstruction through the retrosternal
route. The anastomotic leakage correlated significantly with
the reconstruction route (Table 3).
TBF Measurement
There were no significant differences in pulse rate, mean
arterial pressure, or central venous pressure between the 2
measurement points. The difference of measurements
repeated twice was 0.27 ± 0.21 mL/min per 100 g, and they
varied less than 1.0 mL/min per 100 mg in this study.
Changes in TBFa by Reconstruction Route
TBFa dropped significantly from 14.5 ± 4.3 to 11.8 ± 3.1
mL/min per 100 g (P < .05, paired t test) in reconstruction
through the subcutaneous route and from 14.7 ± 4.4 to 12.2
± 3.3 mL/min per 100g (P < .05, paired t test) in recon-
struction through the retrosternal route. In reconstruction
through the posterior mediastinal route, TBFa dropped from
14.5 ± 2.6 to 13.9 ± 2.4 mL/min per 100 g. However, we
failed to detect a significant difference (P = .35, paired t
test). TBFa after anastomosis by means of reconstruction
through the posterior mediastinal route (13.9 ± 2.4 mL/min
per 100 g) was significantly higher than in reconstruction
TABLE 1. Patient characteristics divided by presence or
absence of leakage
Leakage No leakage Total
(n = 9) (n = 34) (n = 43) Significance
Sex
Male 8 (22%) 29 37 NS
Female 1 (17%) 5 6
Age (y) 61.3 ± 11.3 61.3 ± 9.9 — NS
(43-80)* (39-85)*
pT
T1 1 (20%) 4 5 NS
T2 2 (13%) 13 15
T3 6 (26%) 17 23
pN
N0 4 (20%) 16 20 NS
N1 5 (22%) 18 23
p Stage†
I 1 (20%) 4 5 NS
IIA 3 (20%) 14 15
IIB 2 (20%) 8 10
III 3 (23%) 8 13
NS, Not statistically significant.
*Numbers in parentheses represent ranges.
†According to clinical stage on the basis of the TNM classification of the
esophagus after resection.
TABLE 2. Patient characteristics divided by reconstruction
route
Subcutaneous Retrosternal Posterior
(n = 13) (n = 14) (n = 16) Significance
Sex
Male 12 11 14 NS
Female 1 3 2
Age (y) 60.6 ± 11.0 58.6 ± 9.4 64.8 ± 9.8 NS
(43-80)* (39-70)* (51-85)*
pT
T1 1 1 3 P = .014
T2 2 3 10
T3 10 10 3
pN
N0 5 7 8 NS
N1 8 7 8
p Stage†
I 1 1 3 NS
IIA 4 6 5
IIB 2 3 5
III 6 4 3
NS, Not statistically significant.
*Numbers in parentheses represent ranges.
†According to clinical stage on the basis of the TNM classification of the
esophagus after resection.
TABLE 3. Relation between anastomotic leakage and
reconstruction route
Route
Leakage Subcutaneous Retrosternal Posterior mediastinal Total
Presence 6 3 0 9
Absence 7 11 16 34
Total 13 14 16 43
P < .01, χ2 test.
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through the subcutaneous route (11.8 ± 3.1 mL/min per 100
g; P < .05, unpaired t test; Figure 3).
TBFa Before Emplacement
In reconstruction through the subcutaneous route, TBFa
before emplacement with anastomotic leakage was 11.4 ±
1.5 mL/min per 100g, and that without anastomotic leakage
was 17.1 ± 4.1 mL/min per 100g. TBFa before emplace-
ment with anastomotic leakage was significantly lower than
that without anastomotic leakage (P < .01, unpaired t test).
In reconstruction through the retrosternal route, TBFa
before emplacement with anastomotic leakage was 10.8 ±
4.2 mL/min per 100 g, and that without anastomotic leak-
age was 15.8 ± 4.0 mL/min per 100 g. TBFa before
emplacement with anastomotic leakage was lower than that
without anastomotic leakage (Table 4).
TBFa After Anastomosis
TBFa after anastomosis with anastomotic leakage was 9.1 ±
2.0 mL/min per 100 g, and that without anastomotic leak-
age was 13.7 ± 2.9 mL/min per 100 g. TBFa after anasto-
mosis with anastomotic leakage was significantly lower
than that without anastomotic leakage (P < .01, unpaired t
test; Table 4). Twenty-one patients had TBFa after anasto-
mosis of greater than 13 mL/min per 100 g, and none of
them had leakage, whereas 5 patients had less than 10
mL/min per 100 g, and all 5 had leakage (Figure 4).
Discussion
In our study the rate of anastomotic leakage was 21%,
which is high among previous reports, because there were a
number of cases reconstructed through the subcutaneous
route, and all cases involved cervical anastomosis. The
leakage rate in reconstruction through the retrosternal and
posterior mediastinal routes in our patients was 10%, and
all posterior mediastinal reconstructions were successful
(Table 3). Although the posterior mediastinal route has an
advantage in anastomotic leakage, secondary dysphasia
caused by intrathoracic locoregional tumor recurrence
developed because the gastric tube runs along the original
esophagus.15,16 In contrast to anatomic reconstruction with
the posterior mediastinal route, extra-anatomic reconstruc-
tion through a subcutaneous or retrosternal route avoids
malignant dysphasia because the gastric tube runs away
from the recurrent site. In advanced carcinoma in the upper-
TABLE 4. Relation between TBFa with and without leakage
Leakage No leakage P value
TBFa before emplacement 11.2 ± 2.4 15.4 ± 3.5 .0016*
Subcutaneous route 11.4 ± 1.5 17.1 ± 4.1 .0091*
Retrosternal route 10.8 ± 4.2 15.8 ± 4.0 .0813†
Posterior mediastinal route — 14.5 ± 2.6 —
TBFa after anastomosis 9.1 ± 2.0 13.7 ± 2.9 .0001*
*Student t test.
†Welch t test.
Figure 3. Changes of TBFa before emplacement and after anasto-
mosis through each route. TBFa after anastomosis has signifi-
cantly dropped with the reconstruction through the subcutaneous
and retrosternal routes (P < .05, paired t test). TBFa after anasto-
mosis reconstruction through the subcutaneous routes was sig-
nificantly lower than that through the posterior mediastinal route
(P < .05, unpaired t test).
Figure 4. TBFa after anastomosis in patients with and without
anastomotic leakage. Twenty-one patients had TBFa after anasto-
mosis of greater than 13 mL/min per 100 g, and none of them had
leakage, whereas 5 patients had TBFa of less than 10 mL/min per
100 g, and all 5 had leakage.
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third thoracic esophagus or with lymph node metastasis in
the upper mediastinum, we selected the subcutaneous route.
However, the clinical diagnosis of T and N factors dur-
ing surgical intervention did not always agree with the
pathologic diagnosis after surgical intervention. Although
pathologic T3 cases abounded for extra-anatomic routes,
pathologic N factor was not correlated with the reconstruc-
tion route (Table 2). The degree of invasiveness into the sur-
rounding tissue may increase the operative complications
and influence the incidence of leakage. There was not sta-
tistical power to exclude a difference.
Measurement of TBF with laser Doppler flowmetry is
simple and noninvasive. When the master probe is used,
movement artifacts are few, and pressure between the sur-
face and the probe is constant. In our study the operative
judgment of perfusion of the gastric tube made by the same
surgeon showed good correlation with laser Doppler
flowmetry. When the same site is examined several times,
changes in recorded values are dependent on the stability of
the apparatus and biologic variations within the subject. The
reliability of the double measurements of TBF varied less
than 1.0 mL/min per 100 mg in this study. TBF measure-
ments were influenced by pulse rate, mean arterial pressure,
and automatic nervous system stimulation. It is important to
obtain measurements in a stabilized condition. The time of
this procedure is less than 15 minutes, and the cost of this
technique is cheap because the master probe is usable.
Other methods of estimating the vascularization, such as
ultrasound Doppler system, tissue oxygen tension measure-
ments, venous outflow recordings, and fluorescein flowme-
try, have been reported to correlate well with measurements
of TBF.12,17-19 Conflicting evidence suggests that blood
flow at depths between 1 and 6 mm is measured with a laser
in laser Doppler flowmetry,20 and it is not known whether
mucosa side blood flow is detected by measurement from
the serosal side of the stomach. There is autoregulation of
mucosa perfusion at high gastric flow rates, but at lower
flow rates, mucosa perfusion enjoys a linear relationship
with total arterial flow.21,22 Then the reduction in arterial
flow in a gastric tube makes the gastric mucosa lose its
autoregulatory ability, and serosal and mucosa perfusion
would be related to each other.22 We also demonstrated the
correlation between mucosa and serosal perfusion after
mobilization of the gastric tube.23 In measurement of blood
perfusion, a relative perfusion value expressed as the per-
centage of the basis of the gastric tube was usually chosen.
However, TBF of the gastric tube was decreased because of
tension and an angle to the stomach muscle when it was
brought up to the neck, and TBF on the basis of the gastric
tube for relative blood flow is changed. Therefore, compar-
ing a value after anastomosis with the value before
emplacement is difficult. Because of the above reasons,
absolute serosal perfusion values were simply analyzed for
measurement of TBF of the gastric tube. Although the
preparation of the gastric tube was performed with the same
procedure, TBFa before emplacement was scattered
because the blood flow of the right gastroepiploic artery
was individually different.
We clearly demonstrated 2 clinically important observa-
tions. First, TBFa significantly decreased when the gastric
tube ran through extra-anatomic reconstruction, such as the
subcutaneous or retrosternal route (Figure 3). Second, low
TBFa after anastomosis was associated with a high leak rate,
and all patients with TBFa after anastomosis of less than 10
mL/min per 100 g had anastomotic leakage (Figure 4).
When TBFa after anastomosis is low, we recommend
investigating for a possible anastomotic leakage and con-
sidering the necessity of additional surgical treatment, phar-
macologic treatment, or both.
TBFa after anastomosis should be maintained at greater
than 10 mL/min per 100 g because all patients with values of
less than this limit had anastomotic leakage. Therefore,
when TBFa after anastomosis is lower than 10 mL/min per
100 g, surgical maneuvers, pharmacologic maneuvers, or
both should be applied to increase TBFa. Surgically, the con-
dition of a gastric tube in the reconstructed tunnel can be
inspected for possible obstruction. Pharmacologically,
alprostadil (prostaglandin E1), dopamine, or both, may
improve blood flow in the gastric tube.23,24 In the past 2
years, we had 2 patients in whom TBFa after anastomosis
was quite a bit lower than 10 mL/min per 100 g. These
patients were given alprostadil intravenously at a rate of 0.02
mL · kg–1 · min–1. TBFa after anastomosis improved from
7.3 and 7.9 to 11.2 and 12.0 mL/min per 100 g, respectively.
Alprostadil was infused continuously until postoperative day
2. The patients recovered without any complications, includ-
ing anastomotic leakage. When TBFa after anastomosis is
still less than 10 mL/min per 100 g after additional surgical
maneuvers, pharmacologic maneuvers, or both, we must be
careful to ensure complete drainage when preparing for
anastomotic leakage.
We conclude that TBF in the gastric tube can be safely and
reliably measured at the time of esophagectomy and that very
low flow levels may be an important indicator of potential
leakage. Larger studies are required to investigate the ability
to modulate these blood flow levels with alterations of surgi-
cal technique and postoperative medical management.
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